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(£) Shape memory polyurethane elastomer molded article. 



© A shape memory polyurethane elastomer molded article formed from a polyurethane elastomer which has a 
degree of crystalling of 3-50 wt%. contains approximately equal amounts of [NCO] groups and [OH] groups at 
the terminals of the polymer, and is polymerized by the prepolymer method from a difunctional diisocyanate. a 
difunctional polyol. and a difunctional chain extender containing active hydrogen groups, which are f o r rnulated I in 
a molar ratio of diisocyanate : polyol : chain extender = 2.00-1.10 : 1.00 : 1.00-0.10 preferably 1.80- 20 : 
1 00 • 0 80-0.20. It is capable of melt molding such as injection molding, extrusion molding, and blow molding, 
and ean be manufactured freely without being restricted by the shape of the molded article. 
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2. FIELD OF THE INVENTION AND RELATED ART STATEMENT 

The present invention relates to a shape memory polyurethane elastomer molded article having 

th Tn°geS P o.yurethane elastomers have been used for tires by setting their g.a ssfrans* or . point 
/ ah hLiLd as To hereinafter) at an extremely low temperature approbate to about -40 C so that they 
hte 7oTe^c mod^kV ordinary natural rubber and synthetic rubbers at the low temperature time, or 
nave been use'S ^ to example. Sficia. wood etc. by setting the Tg at an extremely high temperature of 
about 100-1 ID" C and making use of characteristic properties such as high elastic modulus and abrasion 

a shape memory polyurethane elastomer (Japanese Patent 
Laid-open No^ 2932^4/1 986). The shape memory polymer molded article is something wh.ch ,s formed by 
^ Da r g detormation at a temperature not higher than the molding temperature and above Tg and coo.mg 
a 7such betowTe glass transtton point and fixing the deformation, and which is restored to .ts original 
shaS ov nng at a temperature not higher than the molding temperature. That is to say. ,t .s a polymer 
moTded ^rtSe whlcf I can' use the deformed shape and the original molded shape ,n two ways by 

te T s r te r XTmen«oned shape memory polyurethane elastomer, two kinds of polyurethane elastomers, 
one in %££Z*+t*» ^cyanate, po.yol. and toly.ene 

I chain extender are formulated and one in which 2.4-tolylene diisocyanate. polyol. and 1 .4-butaned.ol as a 
ch^ Tender are described. All of these polyurethane elastomers are caused to P°~,» *«»J™^ 
o^xcei [NCO? group (isocyanate group) at the terminal so that they exhibit rubber elastiaty above Tg^ 
And^ in thefotrner formulation, cross.inking between molecules is positively earned out by us.ng a 

™ U t: n lZT™TZ po.yurethane elastomer is a thermosetting polymer because the crosslinklng 
hft twTn mXules has proceeded like this. Therefore, the molding method in the processing step had 
^eTextrTmer^ To™ concrete, it was extreme.y difficult to apply the molding method such as 
injection molding", extrusion molding, and blow molding. 

3. OBJECT AND SUMMARY OF THE INVENTION 

tt is an obiect of the present invention to provide a shape memory polyurethane elastomer molded 
arJe wh^h hfs IhermoplLcity. retains rubber e.asticity above the glass transition point .n the range of 
temoeratures and permits melt molding such as injection molding and extrusion molding. 
' Tne gi^ S preset invention resides in a shape memory polyurethane elastomer motoec M£» 
formed from a polyurethane elastomer which has a degree of crystalhnrty of 3-50 
approxirnaSy equal amounts of [NCO] groups and [OH] groups at the term.nals oftine poh/me . and ,s 
SZ^^bvlhe oreoolymer method from a drfunctional diisocyanate. a Afunctional polyol. and a 
, ScS^ltlnin, active hydrogen group, which are formulated in^ar ratio of 
diisocyanate : polyol : chain extender = 2.00-1.10 : 1.00 : 1.00-0.10. preferably 1.80-1.20 . 1.00 . 
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^rmer the gist of the present invention resides in a shape memory polyurethane elastomer moWed 
articte tev no the above^entioned gist, which is characterized in that the value of the ratio of the tensile 
mTdu^ C highe'r than the glass transition point to the tensile modulus at temperatures 

10 ' SS^EKIEEK S £S to obtain a thermoplastic shape memory polyurethane 
e.as£nTr wSch has Ee shape memory function, exhibits rubber '^efTmold^ 
»nr i oossesses a alass transition point in the range of room temperatures. A molded article using this 
? ^^!n! lLm^r becomes capable of meft molding such as injection molding, extrusion molding, and 
bT m^ ^ to manufacture th* freely without being restricted by the 

shape of the molded article. 
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The conventional shape memory polyurethane elastomer molded article, which was to exhibit rubber 
elasticity above the glass transition point, used to be produced by permitting the terminal of the polymer to 
possess a large amount of excess [NCO] so that the terminal [NCO] and the urethane link part react with 
each other and the crosslinking between molecules proceeds positively and the stiff allophanate link is 
formed By contrast, the present invention is to use a difunctional isocyanate, polyol. and chain extender, 
and performs specific formulation of raw materials, does not permit the terminal of the polymer to possess 
excess [NCOl. and imparts a prescribed degree of crystallinity. Because of this, in the present invention, it 
is oossible to obtain a shape memory polyurethane elastomer which has a glass transition point .n the 
range of room temperatures, for example, in the range of -50-60* C, exhibits a certain elastic modulus ratio 
i in the vicinity of said glass transition point, and is a thermoplastic chainlike polymer. 

Such a polyurethane elastomer becomes a chain polymer and a thermoplastic polymer by suppressing 
the crosslinking between molecules. However, since it retains partial crystal instead of suppressing the 
crosslinking between molecules, it becomes one which retains the rubber elasticity above the glass 
transition point and has the shape memory property which permits the molded article to move between the 
i deformed shape and the molded shape in the vicinity of the glass transition point. Thus, this polyurethane 
' elastomer becomes capable of melt molding such as injection molding and extrusion molding, because it 
has thermoplastiaty Therefore, according to the present invention, it became possible to form products of 

Van Mea S nwhne.T*s y oes.rable that the degree of crystallinity should be in the range of 3-50 wt%. If the 
3 degree of crystall.mty .s below 3 wt%. the rubber elasticity becomes small at temperatures higher than the 
olass transition pent Therefore, the shape restoration property by the shape memory effect becomes 
worse On the other hand, if the degree of crystallinity is higher than 50 wt%. the rubber elasticity becomes 
high at temperatures above the glass transition point. Therefore, the ratio of the elastic moduli at the glass 
transition point 2 10* C becomes small, 
s The raw matenais that can be used in the present invention are illustrated in the following. However. 

nothing is limited by mis _ , . 

First as the e«ampies of difunctional isocyanate, it is possible to represent OCN-R-NCO by the general 
formula R includes those which have 1 or 2 benzene rings or have none at all; however, any of these is 
usable To be concrete, it is possible to enumerate, for example. 2.4-toluene diisocyanate. 4.4 -d.phenyl- 
,o methane diisocyanate carbodlimide-modified 4.4 -diphenylmethane diisocyanate. hexamethylene 

d " S °As' theexampies of me difunctional polyol. it is possible to represent OH-R'-OH by the general formula. 

R' includes those -r>.cn have 1 or 2 benzene rings or have none at all and also products formed by 

reacting the above-mentioned difunctional polyol with a difunctional carboxylic acid or cyclic ether. Any of 
35 these is usable To be concrete, it is possible to enumerate, for example, polypropylene glycol. 1.4-butane 

glycol adipate. poiytetramethylene glycol, polyethylene glycol, bisphenol-A + propylene oxide, etc. 

As the example of the difunctional chain extender containing active hydrogen groups, it is possible to 

represent OH-R"-OH by the general formula. R* includes (CH 2 ) n group, groups having 1 or 2 benzene rings. 

etc Any of these is usable. To be concrete, it is possible to enumerate, for example, ethylene glycol. 1.4- 
40 butane glycol. bis(2-hydroxyethyl)hydroquinone. bisphenol-A + ethylene oxide. bisphenol-A + propylene 

oxide etc 

The synthesis of the urethane elastomer is performed by the prepolymer method using the above- 
mentioned isocyanate. polyol. and chain extender, and. if necessary, catalysts. 

The synthesis method of the urethane elastomer by the prepolymer method is explained in the 

45 fo "°Rrst the diisocyanate and polyol are reacted at a specific formulation ratio A = [NCOMOH] molar rate 
to synthesize a prepolymer. After the completion of the reaction, the chain extender «s added so that the 
desired formulation ratio B = [chain extender]/[prepolymer] molar ratio is attained, and after that, defoammg 
and pouring to the mold are performed, and the crosslink reaction is caused to take place at a temperature 
so of 80 *C for 1 to 2 days in a constant temperature dryer, thereby the urethane elastomer is synthesized. 
The above-mentioned synthesis is possible with either a solvent system or a non-solvent system. 

As the factors which affect the Tg and physical properties. (1) the kind of the .socyanate. -(2) the kind of 
the polyol. (3) the kind of the chain extender. (4) the formulation ratio A, (5) the formulation ratio B. and (6) 
annealing are considered. It is possible to synthesize freely the urethane elastomer having the desired Tg 
5s and Dhvsical properties by changing these factors <1) to (6). 

The polyurethane elastomer which has been synthesized from these raw materials can be represented 

bv the aeneral formula as follows: , »_ t f 

HOR''OCONH(RNHCOOR'OCONH') n RNHCOOR OCONH(RNHCOOR >OCONH) m RNHCOOR OH 
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m = 1-16, n » 0-16 



Examples: 1-40 



10 



An isocyanate component a polyol component, and a chain extender were used as raw materials, and 
polyurethane elastomers were obtained by polymerizing them according to the prepolymer method 

(oreDOlvmer process). . 

That is to say. the prepolymer was synthesized by formulating the isocyanate component and the 
oolyol component as described in the following table and performing the reaction without catalyst by the 
above-mentioned method. Then, the polyurethane elastomer having the shape memory property was 
obtained by adding the chain extender according to the formulation of the following table. 

The basis physical properties of this polyurethane elastomer are as shown in the following table. 
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In the table Tg denotes the glass transition point (*C) and E/E denotes (tensile modulus at a 
temperature 10* C lower than the glass transition point)/(tensile modulus at a temperature 10 C higher than 
the qlass transition point). Tg was obtained by the DSC method (differential scanning-type calorimeter). The 
degree of crystallinity (wt%) was measured by the X-ray diffractometry. The tensile modulus was measured 
according to the test method based on JIS (Japanese Industrial Standards) K71 13. 

Then using the polyurethane elastomer of Example 39 (glass transition point = 40 C) in the table 
above a rose flower was injection-molded in the state of open petals, a single petal having a size of 3 cm in 
length" 1 5 cm in width, and 3 mm in thickness, and this was attached to a stem. Then, when it was heated 
to about 50* C with a dryer and the entirety was returned to room temperatures while bending the petals 
and keeping them in the state of bud. it was set to the shape as it was. When hot air of about 50 C was 
sent to this bud with a dryer, it returned to the original open state within about 10 seconds. 

According to the present invention, it is possible to obtain a thermoplastic shape memory polyurethane 
elastomer which has the shape memory function, exhibits the rubber elasticity above the glass transition 
point and has the glass transition point in the range of room temperatures. The molded article using th.s 
polyurethane elastomer becomes capable of melt molding such as injection molding, extrusion molding, and 
blow molding. Therefore, it has become possible to manufacture freely this without being restricted by the 
shape of the molded article. 

Claims 

(1) A shape memory polyurethane elastomer molded article formed from a polyurethane elastomer 
which has a degree of crystallinity of 3-50 wt%. contains approximately equal amounts of [NCO] groups 
and [OH] groups at the terminals of the polymer, and is polymerized by the prepolymer method from a 
difunctional diisocyanate. a difunctional polyol. and a difunctional chain extender containing active hydrogen 
groups, which are formulated in a molar ratio of diisocyanate : polyol : chain extender = 2.00-1.10 : 1.00 : 
1 00-0 10. preferably 1 .80-1 -20 : 1 .00 : 0.80-0.20. • ■ 

(2) A shape memory polyurethane elastomer molded article set forth in Claim 1, which has a glass 

30 transition point in the range of -50-60 C. ... 

(3) A shape memory polyurethane elastomer molded article set forth in Clan* 1 or 2. which is 
characterized in that the value of the ratio of the tensile modulus at temperatures 10 C higher than the 
glass transition point to the tensile modulus at temperatures 10* C lower than the glass transition point is 
50-250. 
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© Shape memory polyurethane elastomer molded article. 

@ A shape memory polyurethane elastomer mol- 
ded article formed from a polyurethane elastomer 
which has a degree of crystallinity of 3-50 wt%. 
contains approximately equal amounts of [NCO] 
groups and [OH] groups at the terminals of the 
polymer, and is polymerized by the prepolymer 
method from a difunctional dtisocyanate, a difunc- 
tionai polyol, and a difunctional chain extender con- 
taining active hydrogen groups, which are formulated 
in a molar ratio of diisocyanate : polyol : chain 
extender = 2.00-1.10 : 1.00 : 1.00-0.10. preferably 
1.80-1.20 : 1.00 : 0.80-0.20. It is capable of melt 
W molding such as injection molding, extrusion mold- 
^ ing, and blow molding, and ean be manufactured 
O freely without being restricted by the shape of the 
*™ molded article. 
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